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WE BE WEHEEER ACA) N AERK K F—p/Smad (TGF-B/Smad) {55 il B i

AN=ZFPEFUE (TNBC) AR 2R MIERINLE] o J7¥E /RSM%F: TNBC 48 (MDA-
MB-231 il MDA-MB-468) , 43> 4 41, I ICA (15 pmol/L) #5254 s A 10 umol/L
TGF-B SZAARFMHIF LY2109761 WAL, ERHRAIEAM E, I 15 umol/L ICA ¥H
LY2109761+ICA H: F3 5 B4 . CCK-8. PR FwbE \ 52 phdib—2' it S R g #% H (EdUD

A0 IR AN Transwell SEEe A TN 3G 56 SR AR ZERE 77 e 6 Western blot SL46 4
b fz — 8] J5 % A CEMTO AH G B 1 DA A AE KR 7 B1CTGF-B1) « Smad2 A1 EZ 4 Smad2
(P-Smad2) B IREKT. BB CCK-8 45 HoRbE#E ICA WKEMIN, 408 IAE
JIEEIES (P<0.001) o “PARGEHES EAU vA4E IR, SXTREAIAHLE, SL00 4 4 s vE ak
JIkES (P<<0.05) o KIJRAN Transwell S50 o, HXTHRAAHLE, SLU02H 40T F2 FR 22 AE
J1I R (P<0.05) . SHALAIAHEL, LY2109761+ICA HHANARIZ 28R J1ist— 25 T B (P<<0.05) .

TPEFCAE R EIR, SR, SR 40 2 & ) (Vimentin) Rk R (P<0.05) .

EREAIAMEL, LY2109761+ICA H4HHI Vimentin 85 (A& #E—5 F % (P<<0.01) . Western
blot i R on, SXTHRAMLL, SEIGHANMAM AR A (N-cadherin) . )7 4 J& 5 A -
9 (MMP9) . Vimentin PL /2 TGF-B1. Smad2. P-Smad2 [ FE ik E FE (P<<0.05) . S5
IZHAHEE, LY2109761+ICA A4/ N-cadherin, MMP9. Vimentin DA & TGF-pl. Smad2. P-
Smad2 R ARAEH L THE (P<0.05) . &W ICA it N TGF-B/Smad {5518 B 0

TNBC 45 . 1R EMT.
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Icariin inhibits the migration and invasion of triple negative breast cancer by
interfering the TFG-B/Smad signalling pathway
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Abstract Objective To investigate the mechanism by which icariin (ICA) inhibits the invasion and
metastasis of human triple-negative breast cancer (TNBC) cells via downregulation of the
transforming growth factor-B/Smad (TGF-B/Smad) signaling pathway. Methods TNBC cells
(MDA-MB-231 and MDA-MB-468) were cultured in vitro and divided into four groups: an
experimental group treated with 15 umol/L ICA; a model group treated with 10 umol/L TGF-
receptor inhibitor LY2109761; a combination group (LY2109761+ICA) treated with both 15
pmol/L ICA and 10 umol/L LY2109761; and a control group. Cell proliferation, migration, and
invasion were assessed using CCK-8, colony formation, 5-ethynyl-2'-deoxyuridine (EdU), wound
healing, and Transwell assays. The expression levels of epithelial-mesenchymal transition (EMT)-
related proteins, as well as TGF-f1, Smad2, and phosphorylated Smad2 (P-Smad2) were detected
by immunofluorescence and Western blot. Results CCK-8 results showed that cell proliferation
decreased gradually with increasing concentrations of ICA (P<0.05). Colony formation and EdU
assays indicated significantly inhibited proliferation in the ICA-treated group compared to the
control (P<0.05). Wound healing and Transwell assays demonstrated reduced migration and
invasion capabilities in the experimental group relative to the control (P<0.05). Compared to the
model group, the LY2109761+ICA group exhibited further suppression of invasion (P<0.05).
Immunofluorescence revealed decreased Vimentin expression in the experimental group (P<0.05),

with an even more pronounced reduction in the LY2109761+ICA group (P<0.01). Western blot



analysis showed that the protein levels of N-cadherin, matrix metalloproteinase-9 (MMP9),
Vimentin, TGF-B1, Smad2, and P-Smad2 were downregulated in the experimental group compared
to the control (P<0.05). These proteins were further suppressed in the LY2109761+ICA group
compared to the model group (P<0.05). Conclusions ICA inhibits TNBC cells proliferation,
invasion, metastasis, and EMT by downregulating the TGF-B/Smad signaling pathway.
Key words icariin; triple-negative breast cancer; TGF-p/Smad; invasion and metastasis; epithelial-
mesenchymal transition; molecular mechanisms
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LBREHELA 100 /5 & RS W FLIE  Hoh = BIPEFLIE (triple-negative breast
cancer, TNBC) 4 15%~20%1. 5 b7l WAL LE, TNBC A% 1 582 A
B e B, bR ] e R 8 & TNBC BHFE R Hbsz —, #R% TNBC i &
FRITERAENL A2 T AR I 725 R B2 A1

AR &N, R —E)F#54k Cepithelial-mesenchymal transition, EMT) 25 & & i
—NRBESRE, A EMT A AR 40 M iR i 2 A R S 5T b, T A AT R AR KR RS 1
B, Ho b4 K7 B (transforming growth factor-p, TGF-B) #iA A& EMT HIH L
PR, AR IR Bh RO (A ], TNBC A s 4r i il B 23 Whid =
TGF-B, MHAZ THEGE, Mt Smad2. BEEE{L Smad2 A Tt 1% EMT. %
T TGF-p i x EMT 58548075 AE ], 1] TGF-p 15 T Il 259 vl 521677 EMT 5l
TNBC 3R 10— P (e )7 ik . PEFEHET Gicariin, ICA) G FAEYNELENLED, B
AR TR 2 B R, 0 2 Al iR A B R R T E AR, (XS T ICA ¥RYT TNBC
15> TR B Z RN TE,  BRGZ AT 70 B AR ICA Reiidid R4% TGF-p/Smad {5 5@ K
Ml TNBC 1228456 % .
1 ME 55
1.1 ERARSE A =PI R REA % MDA-MB-231 fil MDA-MB-468 (3[E ATCC
d], $5: CRM-HTB-26. HTB-132) ; TGF-B SZ/k#lifil7] LY2109761 (£[F Selleck 2

v

", $R5: S2704) ; HEA/MER/IKKEREMN. CCK-8 il &M EdU A7 & ( LiEE



mREVHEARER AT, 18%5: C0223. C0038. C0085S) ; Transwell /% (3£ Corning
AFE], %5 3464) ; BCA EHEEIAME (2 Thermo Fisher A ], #%%5: A55860) ;
PVDF fiX ([ Millipore A%, $%5: IPVH00010) ; ##7% ECL th¥ kil H & (i
RTEZEL AR A R AT, 185 AP34L025) ; #H£:45: 8 14 (neural-cadherin, N-cadherin)

ik (JE[E Abcam A #], §25: ab76011) ; 3 4 J& & I EF 9 (matrix metallprotein9, MMP9)

itk GEBHTRAEMREBA R AR, 185 : WL03096) ; JEEE (vimentin) JLikFIEEER
k. Smad2 (phosophorylated Smad2, P-Smad2) (£ CST Ad], #'%5: 5741, 55041) ;

TGF-B1 Hifk. Smad2 Hifk (L[ Selleck A 7w, 5. F1624. F0309) ; GAPDH fitfg. L
EPURN19G. FIFIEPIR 196 (M Z IR AR, $85: A19056. AS014. AS053) ; CO2
fHIR IS 7748 (5[ Thermo Fisher A, M5 Heracell 240i) ; %y E R CEME (HA
OLMYPUS A, 5 : CKX41/U-RFLT50) 5 40 A kil (3€E SONICS A, 5

VCX130); ChemiDoc MP 4= ¢ 84 i f% & 4t ( 35 [ BIO-RAD A #], #15: ChemiDoc MP) .

1.2 5

1.2.1 K98 MDA-MB-231 f1 MDA-MB-468 #MI7E &4 1% 5 R/ KK
REFRIEWHAN 10% J64- M9 L-15 F5FRE PN 5% COz. 37 °CHHil s I 48 P U BE 1
Fo B 1~2d ¥, Frdn Ak LA E 90% I EEE HEAT I 4k, 4% 1:2 L IAE AR, HX 3~6
AT 4 L SE 50 .

1.2.2 CCK-8 sLia kil 40 il /705 & BN 84K ) MDA-MB-231 Al MDA-MB-468
R, LA Ix104AS/FLE M T 96 LR, MR TR E 240 5, LW 04
FAFWE ICA W (0. 15. 30, 60. 120 umol/L) AbF . REFsarh 4k 43 9% 48 h
JE LI 10% CCK-8 ¥&¥, W E 2 h, 1F 450 nm kbW A FLY % B . 1H 5 41 M A7
A,

1.2.3 L4 AR COK-8 SZit&h By 2 bk AT A see . 25 1 fikor ol 2 41 R
AL (15 umol/LICA) , JH T K 40 s 5t . {2 %% . EMT M TGF-p/Smad
FS MM CEAKT. 24t 34 IR, BRI (10 umol/LLY2109761) Fi
LY2109761+ICA 20 (10 umol/LLY2109761+15 pmol/LICA) , £l TNBC 41 it ¥ EMT
M TGF-B B 5 @M K EARIL.

1.2.4 “FHRGCESZRE MG L1 000 4~/ FLI % B ¥ MDA-MB-231 1 MDA-
MB-468 4 il Fe Fh T 6 FLAH, 15 40 MG BE J5 4% o0 A TE e & 2 R 3R 0k, 3 d HWl 1 IR,
Fema 2 M. 2 AEH%E EiSW, M PBS Mk 3 &k, &FLINAN 600 uL 4%% 5 H %



WHGEAT I E . 15 min 5 F X2 BB EHEW, PBS #H47rhde, BILIMA 600ulL 4 &
B G0, 30 min J5 FE 45 R VE W, PBS B b e gkl BT, mT AN
MR, Geut g i v b A

1.2.5 EdU SC3GPAG 4IRS AE S 5L 8 MDA-MB-231 il MDA-MB-468 41l g LA 1x10*
A /FUBE BERERD T 24 FUAR P, 20 PR UG BE S 4 HR 20 2H T 4 BE SRR, 48 h S EdU i
7 U0 PR 5 R AT 40 M B s A AR, G i s AR {8 B WA N i

1.2.6  RIJR S 56 Ao I 248 i 1T 7% 1 MDA-MB-231 £l MDA-MB-468 4l i 8 F T 6 fL
o, FRARK BRI, Ak 6 SLIRABETIIT “—” FRIZ, PBS
PR R U B AN M, 78 B B N REALIAER 3 MLEFIC N 0 he SRS A LI AH
JS2 245 W) 4k 4 55 5% 24 h JEAE BB R A T SRR 0 h [F]— A7 B 40 M i B 1 00 0
1.2.7 Transwell SCIGR M40 fLIE #8122 K/N= BT 24 JLIR, A 20 o4k 2%
M8 “1.2.3” i, MDA-MB-231 Al MDA-MB-468 4 it % 1x10° 4>/ L% FE # R £E 5 300
uL JC ML 35 72 ) Transwell %, F=EIA 700 uL & F 20% FBS W3 77K . 1%
PRSI FEAE/NE A B . 48 h EH BIHWRW ) PBS 15, 4%% KW
WE S 15 min, 0.1%%5 G E 4 4Lt 15 min, FEKET, HMEREE L%, £HE
WA N

1.2.8 4t F 98 ¢ ' S 56 Ko U 4 L - R R R L AL FR AR A B ERRRAE 96 FLAR B IR
o AR 20 e 25 25 4% 18« 1.2.37 100, Fil PBS ik 2 W&, FEEE %E 15 min, 0.2%TritonX
B 5min, 5%BSA ZE M 1h j5—%H (Vimentin, 1:100) 4 °CiFHIIR, REHK
JEHUE 1 he DAPI 5%, TEfIE SRS TR,

1.2.9 Western blot &Il N-cadherin. MMP9. Vimentin. TGF-B1. Smad2. P-Smad2 &
FREAKF K MDA-MB-231 Al MDA-MB-468 i i #% 8 “1.2.3” BT 0 4L s
2y, JANRGFRAREIE 48 h, F L LIEMA PBS Phik 2 Wk, I8 1x10° 4>/ LA 410 g 2
FESr A 100~200 pL R fFW, B T UK E 7 2 # 15 min, YA LE, 12 000r/min
B0 15 min, HUEA BERA BCAENE EHREIFSG — € &N 2 mg/mL. HEFH
FEAZEH 10 uL #E47 SDS-PAGE HER LIk, Mi/EHEHH 2= PVDF KL, HH 5%
BSA H FHWE A 1h, i ANAH RN —4$i (N-cadherin, MMP9. Vimentin. TGF-B1. Smad2.
P-Smad2, W 1:1 000) 4 °CH&, 22 d EHRI—HEHEE 3 &, IAX M
M 2E P 1gG (1:2 000) FEIRPERIFE 1 h, LelE 3 X5 H @A ECL b2 R W

H B
MV JRZ o

ANSY



1.2.10 Ziil 243 f# ] GraphPad Prism 8 ¥4 iF szo6 %, 45 5 1%+ btk
% (X*8) Fom. WHZ IR IESTAMITZFE, RIAMIAEA ¢ 350, 24
PR FH B DR 3R 5 25 04T, 05 P ELBCR A Dunnett- 1556, P<<0.05 A% R EA ST
s

2 R

2.1 ICA %t TNBC 4 a5 Re /1 I CCK-8 ¥ ion (B 1A) , AFHSE ICA (0,

15. 30, 60 120 pmol/L) 43 5HIF7i MDA-MB-231 £l MDA-MB-468 41/ifl 48 h J5, ICA X}
P A R ) 1 B A 20 A A P L 2R AR (F e=241.1. 779.8, ¥J P<<0.05) ,
JREHER ICA Xf TNBC UM EE RN, A SCI R PR T B IR L1 15 pmol/L #E4T
JE BN . AR T R SR IR 45 R R (B 1B), SxtIEAHAH L, SE3641 MDA-MB-231 fil MDA-
MB-468 A ve T B2 2], ZRA St m Y (=4.419, 3.512, ¥ P<<0.05) . EdU
SRS R (B 1C) , SxT R LG, Sy 2H P 0t A € O P ) 18 78 4 i A D>

ERAGHEE X (=40.25. 5.37, ¥ P<0.01) . iERH ICA fediid] TNBC 40 M5 .



Bl 1 ICA X TNBC 45 s R m
Fig.1 The effects of ICA on the proliferative activity of TNBC cells
A: Proliferation inhibition rates of MDA-MB-231 and MDA-MB-468 cells treated with ICA; B:
Representative images of colony formation assay (x100) and quantitative histogram analysis; C:
EdU incorporation assay with DAB staining (x100) and quantitative histogram analysis; *P<0.05,

#kP<(.01, *+kP<0.001 vs 0 umol/L; *P<0.05, #P<0.01, #*#P<0.000 1 vs Control group.

2.2 ICA X} TNBC 4 f23% %% e J1 IR ARSI AR B (B 2A) , 55X



TR A AR LU, SO 4 AL FR 24 h J5, MDA-MB-231 Al MDA-MB-468 4 344 25 52 2441,
EZRE SRR X (1=8.620. 2.831, ¥J P<<0.05) . 4/l Transwell S25:45 R Eox (K 2B) ,
xR, S254] MDA-MB-231 1 MDA-MB-468 ZHJf] 48 h il JE R (8 R P&, %
FEG RN (¢ s=3.4601 7.156, t 22=6.995. 3.011, ¥J P<<0.05) . IEW] ICA W] Jk53

TNBC 4t #1278

Bl 2 ICA Xt TNBC it BRIRE KM
Fig.2 The effects of ICA on the migratory and invasive capacities of TNBC cells
A: Representative images of wound healing assay (x100) and quantitative histogram analysis;

B: Transwell invasion assay with crystal violet staining (x100) and quantitative histogram analysis;



*P <0.05, **P <0.01, ***P <0.001 vs Control group.

2.3 ICA % TNBC 4iffih EMT #HREAFRERIFMH Western blot 45 ox (K 3A)
xR AL, S25641 MDA-MB-231 Al MDA-MB-468 ZiiJfi s N-cadherin. MMP9. Vimentin
T EAIRFRIE S B IFAC, ZRA SR8 L (ncadnerin=9.818+ 42.850, tvvpo=3.111. 2.914,
Nimenin=2.801. 5.180, #4 P<<0.05) . #HZZ7GERER (B 3B) , SXHAML, SKied
MDA-MB-231 f1 MDA-MB-468 4iffi*F Vimentin & HFREHE N, ZREGH%EE X

(=3.489. 8.234, ) P<<0.05) . IFEH ICA AJ#)i#| TNBC b Rz ] #4k. .

B3 ICA X TNBC 41T B R K EMT X% H MW
Fig.3 The effects of ICA on TNBC cell migration, invasion, and EMT-related protein
expression
A: N-cadherin, MMP9, and Vimentin protein levels in two cell lines were analyzed by Western blot
with corresponding histograms; B: Representative immunofluorescence assay images (x100) and

quantitative histogram analysis; *P < 0.05, **P < 0.01, ***P < 0.001 vs Control group.

2.4 ICA %t TNBC 4Hfi* TGF-p/Smad {5 5B XEARENEM  Western blot 45 #



SR (EF4) , M TREa, 92564 TGF-pl. Smad2. P-Smad2 MM RIEEERET
% (trarp1=16.56+ 4.227, tsmaix=4.588+ 6.675, tp.smadx=4.612+ 2.799, ¥ P<<0.05) . iEH] ICA

Al Beid I HH1] TGF-B/Smad {55 8 5211 TNBC #Ef .

B 4 Western blot Al ICA Xt TNBC 4l TGF-p/Smad & HHE B IR
Fig.4 Western blot assay investigated the effects of ICA on the TGF-/Smad pathway-related
proteins in TNBC cells

*P<0.05, **P<0.01, ***P < 0.001 vs Control group.

2.5 N TGF-p ZEMEIFIE, ICA Xt TNBC 4 RE2H#K. EMT HXEEARMN TGF-
p/Smad B EEAH R H HFRIE KR W SEI AT RS )5, Transwell SE36 45 R B IR (
5A) , MHECTXHHRA, B YA 48 h TR 22681 P % Ctvpams231=2.949. 19.770,
IMDA-MB-46s=4.648 9.228, 14 P<<0.05) ; AHEC AU, LY2109761+ICA H 41 il # 1= 28
Re i — 0 T B, 27 H S5 = L (tvpa-me231=3.2341 17.100, tmpa-MB-46s=3.228 5.932,
%1 P<0.05) o e RiER (B 5B) , BT RHRA, HAHMME T Vimentin 5
FRIE TP (tmpa-mB23176.593 5 tmpa-mp-a6s=3.134) 3 TR, LY2109761+ICA ZH 40
fiH Vimentin EE ARIE#H —B T, ZRARITFE L (twpame231=5.716. 5.112, 3%
P<0.01) . Westernblot £5 F /R (& 5C. 5D) : & T X IR 4, BRI AF 40 N-cadherin.
MMP9. Vimentin, TGF-B1.Smad2 Fl P-Smad2 £& [ X3R4 & & &K A T B Ctvpa-mB231=4.379+
5.130. 17.080+ 9.389. 6.041. 7.243, tmpa-mp4es=4.131. 3.741, 11.670. 6.185. 8.667+ 3.598,
) P<0.05) ; ME TR, LY2109761+ICA HH1 40 N-cadherin. MMP9. Vimentin.
TGF-B1. Smad2 PAK P-Smad2 f&EFHXTFRIAGEHE P N (mpame231=2.787. 4.461,

7.013, 4.612. 3.379. 6.829, tvpa-MB46s=3.738+ 3.171. 5.252. 3.477. 2.901. 3.050, ¥ P<



0.05) . W] ICA "] AgiEid N i TGE-p/Smad i8] TNBC 4HMIIR 225545 .



B5 A TGF-p 235, ICA X TNBC HfuR@R%E . EMT X TGF- B /Smad
BRI R E A IR
Fig.5 The effects of ICA combined with TGF-f receptor inhibitor on TNBC cell invasion,
EMT, and TGF-/Smad pathway-related proteins
A: The Transwell invasion assay was performed with crystal violet staining (magnification, x100),
and quantitative histogram analysis was conducted; B: Representative immunofluorescence assay
images were captured (magnification, x100), and quantitative histogram analysis was conducted; C:
The protein levels of N-cadherin, MMP9, and Vimentin were analyzed by Western blot in three
treatment groups, and quantitative histogram analysis was conducted; D:The protein levels of TGF-
B1, Smad2, and P-Smad2 were examined by Western blot in three treatment groups, and quantitative
histogram analysis was conducted; *P < 0.05, **P < 0.01, ***P < 0.001 vs Control group; “P <
0.05, #P < 0.01, P < 0.001 vs LY2109761 group.
3 Wik
PR M R s R B LR 3R, A8 B, MR M U Y TR AR A7 A
2 29%M . EMT N Ay ARk e ke Fe R iy LR 32, RILARER EMT ARG 259
HA E 2RI R & M, ICA AL G 25 1% E 3 A 085, BA B AN o s i
52 PR IAE U218, I HICA 1EiR Y7 I U R 2459 CRE NI PR RS2 D4 (E A 6 ICA
%t TNBC (B 5eA75 8 /b, kA 78 il CCK-8. AR b « EdU SEIMEE T ICA X TNBC
YA FERE S Ree, 25 R BN ICA /ERGEH) TNBC 4H Mg GE Re /) ks . SRk —4
KRR E S Transwell 236K I ICA KLFE ) TNBC 4R 2 74 5E VI B W Sk g5 . Sk
»J6A1 Western blot SK645 R s ICA {EJE TNBC 4iifi+ EMT HI5¢E H N-Cadherin,
MMP9 H1 Vimentin i1 B & FE1K .
PEARAE OS], JERERI 1 TGF-B I i Rk i (R 2 B e S IEAHOG . HA W%

W, B TGF-p 15 5 1% 5 SR U (e Bk 7Ll 40 MU A7 05 i) S s R 2 — . il
RUNX2 % 33¢ [K] 13 % I 15 TGF-P 15 53 6 52 Wi L e 4 0 P e e, T 32 80407
i 25 PET) . TGF-B/Smad 15 5 1@ FEAE Ny — A Z A 915 55 Sl g, 7E TNBC KEHK
A EE DS, ML B, TGR-B1 i 5H I A2 M4 &, Wik | B2k, S
Smad2 AHEAEM, KA Smad2 MIBERRIL, AIMTIHIE 2 M iR ROERIL, (et Kk B A
RIS, AREST Western blot SZ645 B ICA BEWS B B4 TGF-p/Smad B ML E (1

TGF-B1. Smad2 1 P-Smad2 ik, HEEA TGF-B SZARIMHIF] G 1%iE i 52 B3t — L]



TNBC 4H i) EMT #HOCE I MR 22 F2 e it — P BRAK, 380E 1 ICA KIEG TGF-B %2
PRI LY2109761 % TGF-B/Smad I #% AH < H A1 TNBC R 285F 4 g /1A o

L LR, ABFSTIESS ICA TTREFI0E] TGF-p/Smad 5 S5 #L Tk TNBC 4uff
FEHEFFN EMT, A ICA FFE R T41 TNBC I ARG R At — & M EE A B S 3%
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